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Description 

[0001] The present Invention is a method of making 
alkoxylated organosilicone resins and a method for in- 
troduction of various functional and nonfunctional 
groups Into these resins. 

[0002] As used herein, the term "resin" describes a 
silicone composition wherein the molecular structure is 
arranged In a predominantly three dimensional network. 
Thus, silicone "resin" distinguishes the composition 
from silicone fluids, which are predominantly a linear 
structure, and from silanes. The silicone resins utilized 
as starting material in the present invention are macro- 
molecular polymers comprised primarily of R3SiOi/2 
and Si04/2 siloxy units, wherein R is a functional or non- 
functional organic radical. Such units are conventionally 
called M and Q units, respectively. 
[0003] Those skilled in the art will appreciate that such 
resins may also include a limited number of R2^^^2/2 
and RSi03/2 siloxy units, conventionally referred to as 
D and T units, respectively. Generally speaking, the 
term "MQ resin" is used to describe organosilicone res- 
ins wherein the quantity of T and D units does not, on 
average, exceed 20 mole percent. Thus, organosilicone 
resins that primarily comprise M and Q units are fre- 
quently referred to as MQ resins. 
[0004] MQ organosilicone resins may be produced by 
the methods disclosed in US-A-2,676,182. The MQ res- 
Ins of said patent are produced by the acid hydrolysis of 
a silicate, which is subsequently end-capped by reaction 
with a trialkylhalosilane or hexamethyldisiloxane. Thus, 
these MQ resins are described by the empirical formula 

(R3SiOi/2]a[R2Si02/2]b[RSi03/2lc[Si04/2ld wherein R is a 
methyl or OH group and a, b, c and d are zero or positive 
numerical values, with the provisos that a + b + c + d = 
1 , 0 < (b + c) < 0.2 and the ratio of a:(b+c+d) is between 
0.3 and 1.0. 

[0005] US-A-5,352,751 describes the modification of 
linear dihydroxydiorganopolysiloxanes by reacting the 
residual silanol units with an alkoxysilane under mild 
temperatures (25*'C) and relatively low ratios of alkox- 
ysilane/alcohol to the polyorganosiloxane to provide 
straight-chain diorganopolysiloxanes. 
[0006] US-A-5,091 ,484 is directed to elastomer form- 
ing compositions comprising an a.co hydroxyl, trialkoxy 
or alkylene-trialkoxy end-blocked polydiorganosi- 
loxane, MQ silicone resins having tetrafunctional Si02- 
units and monovalent units and a titanium catalyst. 
[0007] From EP-A-628 615 a composition comprising 
a combination of MQ resin and liquid polyorganosi- 
loxanes is known. The reaction of residual silanol 
groups of the MQ resin with silanes. however, requires 
the presence of a condensation catalyst such as 
tetrabutyl titanate. Pretreatment of MQ resins with a si- 
lane, particularly methoxytrimethylsilane. disiloxane or 
disilazane is disclosed. 

[0008] Most often, MQ resins have a number average 
molecular weight, Mn, between 2,200 and 7,000 and are 



prepared and sold in solution. When Mn is less than 
2,200, these resins retain the characteristics of a liquid, 
regardless of whether or not they are removed from so- 
lution. When Mn is greater than 7,000, these resins are 

s relatively Insoluble in the preferred solvents. Likewise, 
when the ratio of a:(b+c+d) is less than 0.3, Mn is typi- 
cally greater than 7,000 and when the ratio is greater 
than 1 .0. Mn is usually less than 2,200. 
[0009] Those skilled in the art will also appreciate that 

to end-capping a silicate hydrolyzate with a trialkylhalosi- 
lane or hexamethyldisiloxane renders a resin which has 
a substantial quantity of residual -OH groups associated 
therewith (often temned residual silanol). Such residual 
silanol groups are properly designated as T units. It is 

15 known in the art to lower the amount of residual silanol 
by further reaction of the resin with hexamethyldisila- 
zane. Thus, as used herein, the term "MQ resin" also 
includes resins having either substantial residual silanol 
groups or reduced residual silanol. 

20 [0010] It is also known that, of the residual silanol 
groups associated with MQ silicone resin, only a portion 
thereof are considered to be non-sterically hindered and 
thus capable of further reaction. Prior art methods are 
thus limited in that the degree of alkoxy functionality 

25 which is obtained is restricted by the concentration of 
non-sterically hindered residual silanol. 
[0011] MQ resins made in accordance with US-A- 
2,676,182 are frequently described as being "benzene 
soluble". In reality, such resins are also soluble in a 

30 number of nonaromatic and aromatic organic solvents, 
including xylene and toluene. It is, however, also known 
to provide MQ resins in the form of spray-dried powders, 
as taught. In US-A-5,324,806. 
[001 2] MQ resins have a variety of uses. They are fre- 

35 quently blended with silicone fluids in the manufacture 
of silicone pressure sensitive adhesives and rubbers. 
Therein, it is known to cross-link the silicone fluids and 
resin with a cross-linking compound that reacts with 
functional groups associated with both the resin and flu- 

40 id. Often the non-sterically hindered residual silanol 
groups associated with the resin serve as the functional 
groups, it is also known, however, to introduce function- 
al groups, for example vinyl, by treating the resin with 
dimethylvinylchlorosilane. 

45 [001 3] Because of their versatile reactivity, alkoxylat- 
ed organosilicone resins, whether or not they meet our 
definition of an MQ resin, are particularly useful as in- 
termediate materials in the synthesis of silicone end- 
products, such as pressure sensitive adhesives. 

50 [0014] Alkoxy functionality has been imparted to MQ 
resins by reacting the resin with an alcohol in the pres- 
ence of a catalyst, such as tetrabutyl titanate. However, 
alkoxylatlon by this process is somewhat limited in that 
the degree of alkoxylatlon which is achieved is only 5 to 

55 6 mole percent of the siloxy units. It is believed that this 
limit is due to the competing reaction involving intramo- 
lecular condensation of alkoxy sites. 
[0015] The introduction of alkoxy functionality to MQ 
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resins has also been achieved via two other weH-known 
methods which utilize reactions between aikoxy silanes 
and the non-sterically hindered residual silanol groups 
on the resin. Those skilled in the art will recognize that 
the two reactions are generally referred to as conden- s 
sation and exchange, respectively. In the condensation 
reaction, an alcohol is produced in the fonmation of the 
Si-O-Si bond between the resin and sitane. In the ex- 
change reaction a direct substitution of the aikoxy group 
on the silane and the hydroxyl group on the resin will 
occur. Both reactions are usually performed in the pres- 
ence of a catalyst, such as tetrabutyl titanate. The draw- 
back of either approach is again the limited degree of 
alkoxylatlon which is achieved. 

[GDI 6] Thus, it is highly desirable to provide a process is 
for incorporating aikoxy functionality into an organosili- 
cone resin, wherein the degree of alkoxylation of said 
resin is not so limited as in the prior art. 
[001 7] It is therefore an object of the present invention 
to provide a method making an alkoxylated organosili- 20 
cone resin wherein a higher degree of alkoxylatlon, as 
compared to prior art methods, is obtained. 
[0018] In our present invention, there is provided a 
novel method of making an alkoxylated organosilicone 
resin, which method overcomes the drawbacks of the 25 
prior art. Our method of this invention comprises: 

(I) reacting under conditions of reflux (A) an MQ or- 
ganosilicone resin of the empirical formula 
[R3SiOi/2]a[R2Si02/2]b[RSi03;2USi04/2]d wherein 30 
each R is independently a methyl or hydroxyl group 
and a, b, c and d are zero or positive numerical val- 
ues with the provisos that a + b + c + d = 1,0<(b 

+ c) < 0.2 and the ratio of a:(b+c+d) is between 0.3 
and 1 .0 dissolved in a solvent; and 35 

(B) at least one aikoxy silane selected from the 
group consisting of silanes having the empirical for- 
mula RxSi{0R')^4.x) wherein x is 1, 2 or 3, R is a 
monovalent radical in which R groups are inde- 
pendently selected from the group consisting of 40 
alkyi, alkenyl, aryl, arylalkyl. epoxy, ether, alkyla- 
mide, alkylamine and each OR' is an aikoxy group; 

in the presence of 

(C) a catalytic amount of a basic catalyst, to produce 

an alkoxylated organosilicone resin; ^5 

(II) thereafter neutralizing the basic catalyst (C) by 
adding an acid to the reaction product of compo- 
nents (A), (B), and (C), and 

(III) separating the alkoxylated resin from the re- 
maining reaction products. so 

[0019] In a preferred embodiment, an alcohol compo- 
nent (D) is included in the reacting step (I). In the most 
preferred embodiment, the alcohol (D) is of the general 
formula HOR', wherein the OR' group is as defined 55 
above, and the alcohol (D) and aikoxy silane (B) have 
identical OR' groups. 

[0020] The method allows a making of an alkoxylated 



organosilicone resin which utilizes an MQ resin and a 
monoalkoxysilane. 

[0021 ] It is a feature of this method that additional de- 
sirable organic groups, such as phenyl groups, along 
with the aikoxy groups, are incorporated into alkoxylated 
organosilicone resins. 

[0022] It is another feature of this method that the 
number average molecular weight. Mn. and the weight 
average molecular weight, Mw, of our alkoxylated orga- 
nosilicone resins are less than that of the starting MQ 
resin. 

[0023] Component (A) of this invention is an MQ or- 
ganosilicone resin of the empirical formula [R3SiO-|/2]a 
[R2Si02/2lb[RSi03/2lc[Si04y2]cj wherein each R is inde- 
pendently a methyl or hydroxyl group and a. b. c and d 
are zero or positive numerical values, with the provisos 
that a + b + 0 + d = 1 . 0 ^ (b + c) < 0.2 and the ratio of 
a:(b-i-c+d) is between 0.3 and 1 .0. 
[0024] As previously mentioned, MQ resins may also 
contain a limited number of D and/or T units. Thus, the 
value of parameters a, b, c and d are limited as set forth 
above such that the number of D and/or T units does 
not exceed 20 mole percent of the number of siloxy 
units. 

[0025] Furthermore, the above limitations dictate that 
the number of M units must be greater than at least 0.3 
of the sum of the number of D, T and Q units. The ratio 
of M units to the sum of D, T and.Q units is inversely 
proportional to the molecular weight of the resin. Thus, 
when the ratio of M:(D+T+Q) is greater than 1 .0, the MQ 
resin behaves more as a liquid than a solid. Hence, 
when that ratio is in excess of 1 .0, Mn of the resin is 
generally less than 2,200. Conversely, when that ratio 
is less than 0.3, Mn generally exceeds 7,700 and the 
resin looses its solubility in the preferred solvents. 
[0026] Component (B) of the invention is at least one 
aikoxy silane selected from the group of silanes having 
the empirical formula RxSi(0R')(4.x) wherein x is 1, 2 or 
3, R is a monovalent radical, which R groups are inde- 
pendently selected from the group consisting of alkyl, 
alkenyl, aryl, arylalkyl, epoxy, ether, alkylamide and 
alkylamine and each OR' is an aikoxy group. Because 
of availability, cost and reactivity, methoxy or ethoxy si- 
lanes are the most preferred. 

[0027] It is important to note that component (B) here- 
in does not Include tetra aikoxy silanes. It was found that 
when a pure tetra aikoxy silane, such as tetra methoxy 
silane, was reacted with the MQ resins of component 
(A) in the presence of (C), a basic catalyst, the system 
had a tendency to produce an intractable precipitate. 
Those skilled in the art will recognize, however, that the 
use of a limited amount of a tetra aikoxy silane in com- 
bination with either mono-, dl- or trialkoxy silanes is not 
specifically excluded in the practice of the present in- 
vention, except to the extent that such inclusion leads 
to an unacceptable quantity of intractable precipitate. 
[0028] It is also important to note that component (B). 
the aikoxy silane, is used to introduce other radical 
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groups, in addition to alkoxy groups, into the structure 
of our organosilicone resin. Therefore, groups that are 
independently selected from the group consisting of 
alkyl. alkenyl, aryl, arylalkyi, epoxy, ether, alkylamide 
and alkylamine can be incorporated into the resin. 
[0029] While not wishing to be bound to any particular 
theory for the chemical mechanism of this invention, it 
is demonstrated in the examples below that the fonna- 
tion of our alkoxylated organosilicone resin is augment- 
ed by the presence of an alcohol (D). When no Inten- 
tional additions of alcohol are used in combination with 
an MQ resin, it is believed that the OR' groups of the 
alkoxy sllane (B) react with the sterically unhindered hy- 
droxyl groups of the resin to form such alcohol. Accord- 
ingly, the method of this invention is practiced with or 
without intentional additions of alcohol (D) in (I) the re- 
acting step. It is believed, however, that the combination 
of an alkoxy silane and an alcohol aid in the alkoxylation 
and it is the preferred method of practicing our invention. 
In our most preferred method, the OR' groups of the 
alkoxy silane are identical to the OR' groups of the al- 
cohol. 

[0030] Component (C) of the invention comprises a 
catalytic amount of a basic catalyst. Suitable basic cat- 
alysts include NaOH, KOH, NaOCHg, LiOH, potassium 
tertiary butoxide, LiOCHg, KOCH3, sodium sllanolate 
and amines, such as ethanolamine or quaternary am- 
monium salts, such as tetrabutylammonlum fluoride. It 
is noted that the amines and ammonium salts above will 
serve to catalyze the reaction of the invention, but at a 
considerably slower rate when compared to the remain- 
ing aforementioned basic catalysts. 
[0031] As used herein, the term "catalytic amount" is 
that amount of catalyst which causes the reaction of our 
invention to proceed at a predetenmined rate. The cat- 
alytic amount of catalyst will, of course, depend upon 
the type of basic catalyst, as some are more effective 
than others and the temperature at which the reaction 
is conducted. 

[0032] The amount of catalyst may be from 0.01 to 2.5 
parts by weight, preferably from 0.05 to 2.0 parts by 
weight per 100 parts by weight of the alkoxysilane. 
[0033] The reacting step (I) Is carried out under con- 
ditions of reflux. The reaction will proceed at room tem- 
perature conditions, but it is well-known in the art that 
reaction rates are accelerated at elevated tempera- 
tures. The MQ resin, as dissolved in an organic solvent, 
may be directly reacted. In one embodiment, a volatiles 
trap is employed which then substantially separates the 
alcohols and volatile reaction products from the alkoxy- 
lated resin. 

[0034] We have found that if large amounts of com- 
ponent (C), the basic catalyst, or if small amounts (either 
generated or added) of component (D), the alcohol, are 
employed, the reaction tends to produce varying 
amounts of an intractable precipitate. Conversely, em- 
ploying lower levels of the basic catalyst (C) and greater 
amounts of alcohol (D) tends to reduce and even sup- 



press the formation of intractable precipitates. The ab- 
solute quantities of components (C) and (D) depend, of 
course, on the quantity of MQ resin being processed, 
the particular catalyst (C) and alcohol (D) which are em- 
5 ployed. 

[0035] The neutralizing step (III) is easily carried out 
by the introduction of an acid, such as dry ice or acetic 
acid, to the reaction mixture, after the reacting step (I). 
Carbon dioxide is particularly useful in this regard as any 
10 excess will simply leave the reaction mixture in the form 
of a vapor. Other useful neutralizing agents include chlo- 
rosilanes. 

[0036] In the following examples, an alkoxylated or- 
ganosilicone was produced in accordance with the 

15 present invention. In each example, the starting MQ res- 
in (hereinafter "RES1 ") was dissolved in xylene at a con- 
centration of 74 weight %. All weights of RES1 herein 
refer to the combined weight of the resin and the xylene 
solvent. Nuclear magnetic resonance (^^Si and ^^C 

20 NMR) and silicone resin-callbrated gel permeation chro- 
matography (GPC) were used to determine the general 
formula and molecular weight of RES1 , The general for- 
mula comprised 43 mole% M units of (CH3)SiOi/2l 12 
mole% T units of (OH)Si03/2; and 45 mole% Q units of 

25 8104/2- The number average molecular weight, Mn, was 
4,549 and the weight average molecular weight, Mw, 
was 17,760. 

[0037] Those skilled in the art will appreciate that the 
"T" units reported above and below normally include a 
30 nriinor amount of sterically-hlndered isopropoxy groups 
which result from the RES1 synthesis. As reported here- 
in, that minor amount of isopropoxy groups is ignored. 

Example 1 

35 

[0038] A solution of 89% pure trimethylmethoxysliane 
was prepared by reacting two moles of methanol with 
two moles of hexamethy Idisilazane and by then distilling 
off the trimethylmethoxysliane formed therefrom. 150 g 

40 of RES1 and 1 .5 g of a solution of 25 weight % sodium 
methoxide basic catalyst, dissolved in methanol, were 
added to 150 g of the 89% pure trimethylmethoxysliane 
in a flask. The reaction mixture was heated to reflux 
(75°C.) for 1 7 hours. Thereafter, the flask was fitted with 

45 a Dean Stark trap and the reaction mixture again heated 
to 135'^C. until the collected volatiles remained constant. 
135 g of volatiles were collected in the trap. After cool- 
ing, the trap was removed and 1 .5 g of trimethylchlorosl- 
lane was thoroughly blended with the reaction mixture 

50 to inactivate the sodium methoxide catalyst. The result- 
ing composition was filtered through a mixture of sodium 
bicarbonate and diatomaceous earth (to remove the Na- 
Cl formed upon catalyst inactivation) yielding a clear fil- 
trate. The filtrate was devolatlllzed In a vacuum chamber 

55 at 0.67 kPa (5mm Hg) and 80°C., thus producing 102 g 
of dry powder. GPC and NMR testing revealed that the 
resulting organosilicone resin had a general formula 
comprised of: 47.82 mole % M units of (CH3)SiOi/2; 2.72 
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mole % T units of (CHjOlSiOa^; and 48.93 mole % Q 
units of S\0^. The number average molecular weight, 
Mn, was 2,977 and the weight average molecular 
weight, Mw, was 5,086. 

Example 2 

[0039] 100 g of propyltrimethoxysilane were com- 
bined with 200 g of RES1 and 0.75 g of a solution of 25 
weight % sodium methoxide basic catalyst, dissolved in 
methanol. The reaction mixture was heated at reflux 
(75**C.) for 5 hours. Thereafter, a solid piece of carbon 
dioxide was added to the reaction mixture to inactivate 
said catalyst. The mixture was filtered and devolatiiized 
as described above, yielding 188 g of a clear, viscous 
fluid. GPC and NMR testing showed that the resulting 
alkoxylated organosilicone resin had a general fonmuta 
comprised of: 25.08 mole % M units of {CH^)^S\0^f2, 
3.63 mole % M units of (CH30)2(CH3)SiOi/2; 1 .09 mole 
% M units of (CH30)3SiOi/2: 10.7 mole % D units of 
(CH30)(CH3)Si02/2: 6.02 mole % D units of 
(0830)28102/2; 12.02 mole % T units of (083)8103/2; 
15.91 mole % T units of (0830)8103/2; and 25.39 mole 
% Q units of 8104/2- number average molecular 
weight, Mn, was 2,338 and the weight average molec- 
ular weight, Mw, was 8,940. 

Example 3 

[0040] 60 g of phenyltrlmethoxysllane. 200 g of RE81 
and 2.25 g of a solution of 25 weight % sodium methox- 
ide basic catalyst, dissolved in methanol were combined 
and heated at 145°C. under a Dean-8tark trap for six 
hours. 18 g of volatiles were collected in the trap. 3 g of 
trimethylchlorosilane were then added to the reaction 
mixture to neutralize the basic catalyst. The resulting 
mixture was then filtered and devolatiiized as described 
above, yielding 198 g of a clear liquid. GPC and NMR 
testing showed that the resulting alkoxylated organosil- 
icone resin had a general formula comprised of: 36.46 
mole % M units of (083)3810^/2; 1 .90 mole % M units of 
(C830)2(Ph)8iOi/2; 0.45 mole % M units of 
(0830)3810^/2; 5.25 mole % D units of (C830)(Ph) 
Si02/2; 3.57 mole % D units of (0830)28102/2; 6.67 mole 
% T units of (Ph)8i03/2; 1 2.29 mole % T units of (C83O) 
8i03/2J 33.31 mole % Q units of 8104/2, where Ph 
represents a phenyl group. The number average molec- 
ular weight, Mn, was 2,110 and the weight average mo- 
lecular weight, Mw. was 4,907. 

Example 4 

[0041] 100 g of RES1, 65 g of methyltriethoxysilane 

and 0.5 g of a solution of 25 weight % sodium methoxide 
basic catalyst dissolved in methanol, were combined 
and heated at 135**0 under a Dean-8tark trap for 17 
hours. 10 ml of volatiles were collected in the trap. 1.5 
g of trimethylchlorosilane were then added to the reac- 



tion mixture to neutralize the basic catalyst. The result- 
ing mixture was then filtered and devolatiiized as de- 
scribed above, yielding 1 05 g of a clear liquid. GPC and 
NMR testing showed that the resulting alkoxylated or- 

5 ganosilicone resin had a general formula comprised of: 
36.89 mole % M units of (083)3810^/2; 0.53 mole % M 
units of (C83)(EtO)28iOi/2; 0.85 mole % M units of 
(EtO)38iOi/2; 6.04 mole % D units of (C83)(EtO)8i02/2; 
3.23 mole % D units of (EtO)28i02/2i ^-^ ^o\e % T units 

10 of (083)8103/2; 1 2.75 mole %T units of (EtO)8i03/2J^"d 
28.61 mole % Q units of S\0^, where Et represents an 
ethyl group. The number average molecular weight, Mn, 
was 1 ,457 and the weight average molecular weight, 
Mw, was 4,912. 

15 

Example 5 

[0042] This example was prepared to show that Li08 
is also an effective catalyst to carry out the method of 

20 our invention. 200 g of RE81 , 200 g of methyltrimethox- 
ysilane and 1 .0 g of a solution of 1 0 weight % Li08.820 
basic catalyst, dissolved In methanol, were combined 
and heated at 100°0. under a Dean-8tark trap for 16 
hours, until the collected volatiles remained constant. 

25 Thereafter, a solid piece of carbon dioxide was added 
to the reaction mixture to Inactivate the basic catalyst. 
The mixture was not filtered and devolatiiized as de- 
scribed above and Included a small quantity of unreact- 
ed methyltrimethoxysllane. GPC and NMR testing de- 

30 tected that the resulting alkoxylated organosilicone res- 
in had a general formula which included M units of (O83) 
810^/2; M units of (0830)2(083)810^/2; M units of 
(0830)3)8101/2; D units of (C830)(C83)Si02/2; □ units 
of (0830)28102/2; T units of (083)8103/2; T units of 

35 (0830)8103/2; and 0 units of 8104/2 in indeterminate 
mole percents. The number average molecular weight, 
Mn, was 1,037 and the weight average molecular 
weight, Mw, was 7,600. 

40 Comparative Example 

[0043] In a known manner, an MQ resin having a dras- 
tically reduced sterically-unhlndered residual sllanol 
content, was prepared by heating an MQ resin solution 

45 (of the RE81 formulation) under conditions of reflux and 
in the presence of K08. GPC and NMR testing showed 
that this MQ resin had a general formula comprised of: 
42.77 mole% M units of (083)38101/2; 2.90 mole% T 
units of (08)8103/2; and 54.32 mole% Q units of 8IO4/2. 

50 In the MQ resin, Mn was 5,1 43 and Mw was 1 3,950. The 
treated resin was dissolved in a xylene solution at 50 
weight% solids. 

[0044] 200 g of the treated resin solution, 100 g of 
89% pure trimethylmethoxysilane and 0.25 g of anhy- 
55 drous sodium methoxide powder were heated to reflux 
at 60°C. for 16 hours. Thereafter, a solid piece of carbon 
dioxide was added to the reaction mixture to inactivate 
the basic catalyst. The mixture was filtered and devola- 
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tilized as described above, yielding a solid powder. GPC 
and NMR testing showed that the resulting organosili- 
cone resin so-treated had a general fonnula comprised 
of: 43.18 mole% M units of (CH3)3SiO^/2; 3.79 mole% T 
units of (OH)Si03/2i ^2.93 mole% Q units of 8104,2. 
Mn was 4.892 and Mw was 13,010. 
[0045] Accordingly, it appears that virtually no reac- 
tion occurred between the MQ resin and the 
monoalkoxy silane. 

Example 6 

[0046] The identical reaction set forth in the Compar- 
ative Example was repeated except that 15 g of meth- 
anol were added to the reaction mixture before ret luxing. 
GPC and NMR testing showed that the resulting orga- 
nosiiicone resin had a general formula comprised of: 
47.11 mole% M units of (CH3)3SiOi/2; 0.55 mole% D 
units of (OCH3)2Si02/2: 6.02 mole% T units of (OCH3) 
5103/2; and 46.12 mole% Q units of Si04,2' Mn was 
3.338 and Mw was 7,714. 

[0047] Thus, it is clear that the employment of meth- 
anol In the reaction step promoted the formation of an 
alkoxylated organosilicone resin from a MQ resin, which 
had been treated to have an extremely low residual ster- 
ically-unhindered silanol concentration. It should be not- 
ed that this alkoxylation was conducted using a 
monoalkoxy silane In combination with the methanol. 
[0048] In each of Examples 1 - 6, an alkoxylated or- 
ganosilicone resin was successfully made from an MQ 
resin by employment of the method of our claimed in- 
vention. It is also clear therefrom that our method may 
utilize mon-, dl- and trialkoxy silanes. It is further clear 
that any number of basic catalysts can be employed and 
that our method can be used to incorporate other organ- 
ic groups, such as phenyl groups. Into an organosilicone 
resin. 

[0049] Thus, the alkoxylated organosilicone resin 
compositions produced by our method are comprised of 
sitoxy groups according to the following the empirical 
formula 

[R3SiO,,UR,(OR.)SiO,,,].KOR-),RSiO,,,. 
l(OR')3SiO,^]^[(OR')RSi02;2]i[(OR')2Si02^].. 

(RSi03^),I(OR')Si03^),[Si04,2l^ 

wherein each OR' Is an alkoxy radical, which alkoxy rad- 
icals may be the same or different; each R radical Is a 
monovalent hydrocarbon radical Independently select- 
ed from the group consisting of alkyi, alkenyl, aryl, ary- 
lalkyl, epoxy, ether, alkylamide, atkylamine and hydroxyl 
radicals; and e, f, g, h, i, j, k, I and m are zero or positive 
numerical values, with the proviso that e + f + g + h + I 



+ j + k + l + m = 1 . 

[0050] In a preferred embodiment, our alkoxylated or- 
ganosilicone resin has a higher degree of alkoxylation 
than was obtained by prior art methods. Accordingly, the 

5 preferred composition of this invention, independent of 
our claimed method, includes more than 6 mole percent 
of alkoxylated slloxy units. Thus, f + g + h + i+ j + l> 0.06 . 
[0051 ] Surprisingly, our method is capable of produc- 
ing organosilicone resins of the MDTQ-type having un- 

10 usually high degrees of alkoxylation. In Example 2, for 
instance, 37 mole percent of the siloxy units are alkox- 
ylated. The degree of alkoxylation can be engineered 
by varying the parameters of reaction time, concentra- 
tion of reactants and temperature of reaction. Thus, our 

15 method permits the synthesis of novel alkoxylated orga- 
nosilicone resin compositions wherein more than 10, 20 
or 30 mole percent of the siloxy groups are alkoxylated. 
[0052] Surprisingly, our claimed Invention produces 
an alkoxylated organosilicone resin that has extremely 

20 low levels of residual silanol. As verified by proton NMR 
testing, we have also found that residual silanol levels 
In our resins are typically below detectable limits (i.e. 
less than two mole percent of siloxy units). 
[0053] From the examples, it Is further apparent that 

25 the method of our Invention can be used to produce an 
alkoxylated organosilicone resin that has a lower Mn 
and Mw than the MQ resin starting material. Our method 
may then be characterized as having the ability to "di- 
gest" the MQ resin, while at the same time alkoxylating 

30 the composition. Thus, in another embodiment of the In- 
vention, the alkoxylated organosilicone resin is limited 
to that including at least 10 mole percent of siloxy units, 
of the sum of the T and Q type, to retain a substantially 
three dimensional macromolecular structure. This em- 

35 bodiment of the invention is best expressed in terms of 
the empirical formulation wherein k + I + m > 0.10. 

Claims 

40 

1. A method of producing an alkoxylated organosili- 
cone resin having siloxy groups according to the 
empirical formula 

[R3SiOi^]3[R2(OR')SiOi/2]fKOR')2RS'Oi/2]g- 
[(OR')3SiO,/2]ht(OR')RS»02;2li[(OR')2Si02/2l 

50 

[RSI03^]J(OR')Si03,2],[SI04,2]rT,. 



wherein each OR* Is an alkoxy radical, which alkoxy 
55 radicals may be the same or different; each R rad- 
ical is a monovalent radical independently selected 
from the group consisting of alkyI, alkenyl. aryl, ar- 
ylalkyl, epoxy, ether, alkylamide, alkylamine and hy- 
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droxyl radicals; and e, f , g, h, i, j, k, I and m are zero 
or positive numerical values with the provisos that 
e + f + g + h + i + j + k + l + m = 1 and f + g + h + I 
+ j + 1 > 0.06, 

said method comprising the steps of: 

(I) reacting under conditions of reflux, 

(A) an MQ organosiltcone resin of the em- 
pirical formula [R3SiOi/2]a[R2^'02/2lb 
{RSi03;2US*04y2]d wherein each R is inde- 
pendently a methyl or hydroxyl group and 
a, b, c and d are zero or positive numerical 
values, with the provisos that a + b + c + d 
= 1, 0 < (b^) < 0.2 and the ratio of a: 
(b+c+d) is between 0.3 and 1.0, dissolved 
in a solvent; 

(B) at least one alkoxy silane selected from 
the group consisting of sllanes having the 
empirical formula RxSi(OR')(4.x) wherein x 
is 1 , 2 or 3, R is a monovalent radical, which 
R groups are independently selected from 
the group consisting of alkyi, alkenyl, aryl, 
arylalkyi, epoxy. ether, alkylamide, 
alkylamine and each OR' Is an alkoxy 
group; in the presence of 

(C) a catalytic amount of a basic catalyst to 
produce an alkoxylated organosilicone 
resin; 

(II) thereafter neutralizing the basic catalyst by 
adding an acid to the reaction product of com- 
ponents (A), (B) and (C), and 

(III) separating the alkoxylated resin from the 
remaining reaction products. 

2. The method of claim 1 wherein said MQ organosil- 
icone resin (A) has a number average molecular 
weight between 2,200 and 7,000. 

3. The method of claim 2 wherein the alkoxylated or- 
ganosilicone resin has a number average molecular 
weight that is less than the number average molec- 
ular weight of starting component (A). 

4. The method of claim 1 further comprising the inclu- 
sion of a component (D), an alcohol, in said reacting 
step (I). 

5. The method of claim 1 wherein said basic catalyst 
Is selected from the group consisting of NaOH, 
KOH, NaOCH3, LiOH, potassium tertiary butoxide, 
LiOCHs, KOCH3, sodium silanolate, ethanolamine 
and tetrabutyl ammonium fluoride. 

6. The method of claim 1 wherein said neutralization 
step (II) is carried out by adding a chlorosilane to 
the reaction product of components (A), (B) and (C). 



7. The method of claim 4 further comprising the step 
of (III) removing said alcohol (D) during said react- 
ing step (I). 

5 8. The alkoxylated organosilicone resins obtainable 
by the method of claims 1-7. 



1. Verfahren zum Herstellen von alkoxyliertem Orga- 
nosiliconharz mit Siloxygruppen der empirischen 
Formel: 

|R3S.O,„U«.(OR')SiO.„l,l(OR-,,RSK>„K 

l(OR')3SiO,,2],[(OR')RSi02^]j[(OR')2Si02/2].. 
[RSi03,2]k[(OR')Si03,2],[Si04,2]m. 

in der jedes OR' ein Alkoxyrest 1st, wobel die Alk- 
oxyreste gleich Oder unterschiedllch sein konnen, 
jeder R-Rest ist ein einwertiger Rest, unabhangig 
ausgewahit aus der Gruppe, bestehend aus Alky!-, 
Alkenyl-, Aryl-, Arylalkyi-, Epoxy-, Ether-, Alky- 
lamid-, Alkylaminresten und Hydroxylgruppen, und 
e, f , g, h, I, j, k, I und m null oder positive Zahlenwerte 
sind. mit der Bedingung, daB e + f + g + h + i+ j + 
k + I + m = 1 und f + g + h + i + j + l> 0,06 sind, 
wobei das Verfahren die Schritte aufweist: 

(I) Umsetzen unter RuckfluBbedingungen, 

(A) ein in einem Losemittel aufgelostes MQ 
Organosiliconharz der empirischen Formel 

(R3SiOi/2]a[R2Si02/2]b[RSi03/2]c(Si04/2]d. 

in der jedes R unabhangig ein Methylrest 
Oder eine Hydroxylgruppe ist und a, b, c 
und d null oder positive Zahlenwerte sind, 
mit der Bedingung, daB a + b + c + d = 1, 
0 < (b+c) < 0,2 und das Verhaltnis von a: 
(b+c+d) zwischen 0,3 und 1 ,0 Ist, 

(B) mindestens ein Alkoxysilan, ausge- 
wahit aus der Gruppe, bestehend aus Sila- 
nen mit der empirischen Formel R^Si 
(0R')(4.j(), wobei x 1 , 2 oder 3 Ist, R ein ein- 
wertiger Rest ist, wobei die R-Reste unab- 
hangig ausgewahit sind aus der Gruppe, 
bestehend aus AlkyI, Alkenyl, Aryl, Arylal- 
kyi, Epoxy, Ether, Alkylamid, Alkylamin, 
und jedes OR' ist eine Alkoxygruppe, in 
Gegenwart 

(C) einer katalytlschen Menge eines basi- 
schen Katalysators, um ein atkoxyliertes 
Organosiliconharz herzustellen. 
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(II) anschlleBendes Neutralisieren des basi- 
schen Katatysators durch Zugeben einer Saure 
zum Reaktionsproduktder Bestandtelle (A), (B) 
und (C) und 

(III) Abtrennen des alkoxylierten Harzes von 5 
den restlichen Reaktlonsprodukten. 

2. Verfahren nach Anspaich 1 , dadurch gekennzelch- 
net, daB das MQ Organosiliconharz (A) ein zahlen- 
mlttleres Molekulargewicht zwischen 2.200 und 
7.000 aufweist. 

3. Verfahren nach Anspruch 2, dadurch gekennzeich- 
net, daB das alkoxyllerte Organosiliconharz ein 
zahlenmlttleres Molekulargewicht hat, das kleiner i5 
ist als das zahlenmittlere Molekulargewicht des 
Ausgangsbestandteils (A). 

4. Verfahren nach Anspruch 1 , dadurch gekennzeich- 
net, daB im Reaktionsschritt (I) ein Bestandteii (D), 20 
ein Alkohol, mit venvendet wird. 

5. Verfahren nach Anspruch 1 , dadurch gekennzeich- 
net, daB der basische Katalysator ausgewahit Ist 
aus der Gruppe, bestehend aus NaOH, KOH, 25 
NaOCH3, LiOH, Kalium-t-butoxid, LiOCH3, KOCH3, 
Natriumsilanolat, Ethanolamin und Tetrabutylam- 
moniumfluorid. 

6. Verfahren nach Anspruch 1 , dadurch gekennzeich- 30 
net, daB der Neutralisationsschritt (II) ausgefuhrt 
wird durch Zugeben eines Chlorosilans zum Reak- 
tionsprodukt der Bestandteile (A), (B) und (C). 

7. Verfahren nach Anspruch 4, dadurch gekennzeich- 35 
net, daB weiterhin Schritt (III) das Entfernen des Al- 
kohols (D) wahrend des Reaktionsschrittes (I) urn- 
faBt. 

8. Alkoxyllerte Organosiliconharze, erhaltlich durch 40 
das Verfahren der Anspruche 1-7. 



Revendications 

45 

1. Un precede de production d'une reslne d'organosi- 
licone alcoxylee ayant des groupes siloxy, repon- 
dant a la formule empirique 

[R3SIO^/2]elR2(OR')S^Oi/2lfKOR')2RSiO^/2l - 



ou chaque OR' est un groupe alcoxy, ces groupes 
alcoxy pouvant etre identiques ou differents ; cha- 
que radical R est un groupe monovalent choisi in- 
dependamment dans la classe fonmee par les grou- 
pes alkyles, alcenyles, aryles, arylalkyles, epoxy, 
Others, alkylamides, alkylamines et hydroxyle ; et e, 
f, g, h, i, j, k, I et m sont zero ou des valours nume- 
riques positives, avec les conditions que e + f + g + 
h + l+ j + k + l + m = 1 etf + g + h + i + j + l> 0.08, 
ledit procede comprenant les etapes suivantes : 

(I) faire reagir. dans des conditions de reflux. 

(A) une reslne d'organosiiicone MQ ayant 
ta formule empirique [R3SiOy2la 
[RgSiOg/glb (RSi03^)c [Si04/2]d ou chaque 
R est Independamment un groupe methyle 
ou hydroxyle et a, b, c et d sont zero ou des 
valeurs numeriques positives, avec les 
conditions que a + b + c + d=1,0< (b+c) 
< 0,2 et le rapport a:(b+c+d) soit compris 
entre 0,3 et 1 ,0, dissoute dans un solvant ; 

(B) au moins un alcoxysilane choisi dans 
la classe formee par les silanes ayant la 
formule empirique RxSi(0R')j4.j^j ou x est 
1 , 2 ou 3, R est un radical monovalent, les 
radicaux R etant choisis independamment 
dans la classe formee par les groupes alk- 
yles, alcenyles, aryles, arylalkyles, epoxy, 
ethers, alkylamides. alkylamines et cha- 
que OR' est un groupe alcoxy ; 

en presence de 

(C) une quantite catalytique d'un cataly- 
seur basique, pour produire une resine 
d'organosiiicone alcoxylee ; 

(II) ensuite, neutraliser le catalyseur basique 
par addition d'un acide au produit reactionnel 
des composants (A), (B) et (C), et 

(III) separer la resine alcoxylee des produits 
reactionnels restants. 

2. Le procede de la revendication 1 , dans lequel ladite 
resine d'organosiiicone MQ (A) a un poids molecu- 
laire moyen en nombre compris entre 2200 et 7000. 

3. Le procede de la revendication 2, dans lequel la re- 
sine d'organosiiicone alcoxylee a un poids molecu- 
laire moyen en nombre qui est inferieur au poids 
moleculaire moyen en nombre du composant (A) de 
depart. 

4. Le procede de ta revendication 1 . comprenant de 
plus I'introduction d'un composant (D), un alcool, 
dans ladite etape de reaction (I). 

5. Le procede de la revendication 1 , dans lequel ledit 
catalyseur basique est choisi dans la classe formee 



[(OR")3SiO,/2]J(OR') RSi02/2]|[(OR')2Si02/2].- 

55 

[RSi03,2]K[(OR')Si03,2],[Si04,2]„,, 
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par NaOH, KOH. NaOCHg. LiOH, le terf-butylate de 
potassium, UOCHs, KOCH3, ie silanolate de so- 
dium, rethanolamine et le fluorure de tetrabutylam- 
monium. 

5 

6. Le procede de la revendication 1 , dans lequel ladite 
etape de neutralisation (II) est effectuee en ajoutant 
un chlorosilane au produit reactionnel des compo- 
sants (A), (B) et (C). 

10 

7. Le procede de la revendication 4, comprenant de 
plus I'etape consistant a (III) eliminer ledit alcool (D) 
pendant ladite 6tape de reaction (I). 

8. Les r^sines d'organosilicone alcoxyl^e pouvant is 
etre obtenues par le procede des revendications 1 
a7. 
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